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A preliminary test was conducted evaluating the effect of digestible lysine (dLys)
on broiler breeder (BB) male semen quality from forty-one to forty-nine wk of age. Five
dietary treatments: corn-soybean meal diet with 1,000 mg dLys/rooser/day (Soy1,000),
distillers dried grains with solubles diet with 1,000 (DDGS1,000), 850 (DDGS850), 700
(DDGS700), and 550 (DDGS550) mg dLys/rooster/day. Semen quality was similar
except percentage dead sperm which was higher in DDGS550.
A second trail was conducted using the same dietary treatments as the preliminary
test during twenty to thirty-nine wk of age. Semen quality was similar except percentage
dead sperm which was higher in Soy1,000. Soy1,000 exhibited higher body weight
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CHAPTER I
INTRODUCTION

The primary purpose of the broiler breeder (BB) male is to produce viable, motile
sperm for egg fertilization. According to Amann (1999) a rooster needs to be able to
produce and release sperm with fertilizing potential. For example, a single sexually
mature rooster can produce approximately 1,510 chicks in his lifetime (Wilson et al.,
1987). Therefore, roosters are extremely important in the continuity of producing chicks
in the poultry industry, because typically 1 male is placed with every 10 hens (McDaniel
et al., 1995). Therefore, the rooster’s fertilizing potential is very important to the poultry
industry.
The life phases of a rooster’s sexual development occur in three stages: prepuberty (0-16 wks), puberty (16-24 wks), and sexual maturity stage (>25 wks) (Lake,
1975). If the males are mismanaged in any of these three stages, the rooster’s fertility can
be permanently affected (Leeson and Summers, 2000). A number of factors could affect
male fertility including light stimulation, genetic selection, heat stress, and nutrition.
Ingkasuwan et al. (1966) pointed out that light and temperature influences semen
production. In addition, Froman (2006) pointed out that light is important in
spermatogenesis. Another factor that could affect fertility is the process of genetic
selection (Pollock, 1999). Genetic selection is good for the poultry industry, however,
geneticist mount pressure on BB because they are more often selected for meat
1

production rather than for reproductive traits (Pollock, 1999). Heat stress has also been
confirmed by McDaniel et al. (1995) to affect a rooster’s fertility. They reported a 42%
decline in fertility when roosters were exposed to excessive heat. El Jack et al. (1979),
observed a reduction in semen volume when cockerels were raised at 32 C.
Nutrition is one of the most important factors that affect BB males. Excess energy
intake can lead to obesity in the BB males, and obesity can impact BB male reproductive
performance such as libido and mating ability (Duncan et al., 1990). Nutrition also plays
a major role in the physiological development of the reproductive system. For example,
Zhang (1999) reported that the addition of crude protein (CP) in the diet has an effect on
semen production. They reported a decline in semen volume in roosters fed 16% CP
when compared to BB fed 12% CP. In another study, Hocking and Bernard (1997)
reported that caged BB males which were fed a 16% CP diet had decreased semen
concentration when compared with males which received a diet with less CP. However,
Buckner et al. (1986) found no difference in semen volume or sperm concentration in
roosters which were fed a 5, 7, and 9% CP diet from 20 to 65 weeks of age.
Also, research has shown the effect of specific amino acids (AA) such as lysine
(Lys) in the diet of broilers and BB females. Lys is essential in optimizing growth, meat
yield (Corzo et al., 2009), feed conversion, and improves BB hen fertility (Mejia et al.,
2012a). Corzo et al. (2009) reported that AA in general help to optimize growth and
improve market yield of broilers. Also, Corzo et al. (2006) reported an increase in broiler
pectoralis major weight and pectoralis minor tenderness with an increase in Lys
supplementation. Mejia et al. (2012a) pointed out that a lower level of digestible lysine
(dLys) at 600mg/hen/day in a semipurified diet improved BB hen reproductive
2

performance, such as egg production, fertility, and hatchability of set eggs, when
compared to BB hens fed a higher level of dLys at 1,010mg/hen/day in the same type of
diet. Therefore, it is possible that dLys might improve BB male fertility.
BB male fertility can be predicted by measuring semen characteristics such as
semen volume, sperm quality index, sperm viability, and sperm concentration (McDaniel
et al., 1998; Parker et al., 2004). Therefore, the objective of this trial was to evaluate the
effects of varying levels of digestible lysine in male BB diets on semen characteristics.
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CHAPTER II
REVIEW OF LITERATURE

Broiler Breeders
Broiler breeder (BB) males are critical in the continuity and improvement of the
poultry industry because the rooster’s primary purpose is to produce sperm that is capable
of fertilizing eggs. Several parameters such as genetic selection and nutrition have been
used to improve meat and egg yield in the production of poultry for the consumers. BB
males are also an important part of this development. However, BB males have a
tendency to acquire excess weight and this extra weight can reduce reproductive
effectiveness (Wilson et al., 1979).
To reduce obesity, as well as to improve livability and fertility of BB males, feed
restriction is commonly practiced in the commercial poultry industry. Feed restriction is
achieved by reducing the amount of feed given to the rooster and is extremely important
in managing their weight gain. To obtain the correct target weight at sexual maturity, it is
imperative that feed ingredients must be carefully considered (McDaniel et al., 1983).
Therefore, it is paramount that in the process of improving the rooster’s reproductive
ability and characteristics, improvement in the feeding program are necessary. By
improving the male’s reproductive performance broiler chick production could be
increased to meet the expectations of the poultry industry and, ultimately, meet the
consumer demands for poultry meat. Advancements in the genetic selection of BB have
4

been used in the industry to improved BB production (Gous, 1998). In contrast, it has
been observed that the survival rate of chicks, percentage of eggs hatched (hatchability),
and the percentage of fertile eggs laid (fertility) has a small chance of being inherited
(Pollock, 1999). McGary, et al. (2002) suggests that there are high possibilities of a
negative impact of genetic selection for meat yield on reproductive capability of BB
because breeders are primarily selecting for breast meat yield.
It has been estimated that a single healthy rooster can produce approximately
1,510 chicks in its lifetime (Wilson et al., 1979). This would make it necessary to look for
other ways that could improve the production of healthy males, which would produce
‘good’ spermatozoa for fertilization of the hens that will collectively lead to continuity of
the poultry industry. Because BB hen fertility is also important in chick production,
therefore, hen fertility and sexual maturity should also be understood.
Hen Reproduction
BB management requires an understanding of the biology of the hen in sexual
maturity, egg development, egg formation, and fertility. Recent genetic modifications in
the poultry industry make it even more essential to understand the development of the
female through sexual maturity and the effect of photoperiod on the hens (Lewis and
Gous, 2006).
When the hen is light stimulated, light is perceived by the eye, resulting in
leuteinizing hormone production from the anterior pituitary, which leads to ovulation. A
mature chicken ovum is bigger than most mammalian ovary follicles. The chicken’s
follicles are arranged in a hierarchy by size with the largest follicle being F1 which is
destined to ovulate first. The F2, which is the second largest, is designed to ovulate next,
5

and this hierarchy goes on till F9. The infundibulum, which is the site of fertilization, is
located in the anterior part of the reproductive tract and captures the mature ovum after it
is release from the ovary. The ovum moves to the magnum, and stays there for about 3 hr
where albumen is secreted onto the ovum. Next the ovum progresses to the isthmus for
shell membrane formation, and then it is moved, in a rotating fashion, into the uterus
which is also called the shell gland. The shell is formed in the uterus after fluid has been
added to the egg (plumping). The vagina coats the egg with the proteineous cuticle prior
to the release of the egg into the cloaca at oviposition. Prostaglandins from the post
ovulatory follicle and arginine vasotocine from the posterior pituitary causes the smooth
muscle of the uterus to contract and force the egg into the cloaca (Shimada and Saito,
1989). The volume of semen, sperm storage capacity in storage tubules located in the
epithelium lining at the utero-vaginal junction, and release of sperm is necessary to
maintain excellent fertility over the days in which the hen ovulates (Lake, 1975). The
amount of sperm present at the sperm nest in the infundibulum when the ovum is released
greatly determines the probability of fertilization (Johnson, 1993). This is why semen
volume and sperm quality are very important for good fertilization of eggs, because hens
ovulate daily.
Rooster Reproduction
The biology of fertility for male BB semen production and ejaculation is regulated
by specific tissues found in their physiological systems. These systems include the central
nervous system (brain and spinal cord), reproductive system (testis, epididymis, and vas
deferens), and digestive system (paracloacal vascular body and the cloaca; Miyamoto et
al., 1982). The hormonal cascade involved in semen production is stimulated by light at
6

about 20 weeks of age for the rooster. In a fully mature rooster, this stimulation results in
a testes weight of about 18 to 60 grams or approximately 1% of the rooster’s total body
weight (Sturkie, 1986). Of course, these large testes are essential for adequate sperm
production.
Spermatogenesis
Spermatogenesis is the production of spermatozoa within the seminiferous
tubules. In roosters, environmental stimuli, like light, are detected by the central neurons
system to stimulate the production of gonadotropin-releasing hormone (GnRH) by the
hypothalamus (King and Millar, 1982). GnRH enters the blood vessels that connect the
hypothalamus with the anterior pituitary gland located at the base of the brain (Mikami
and Yamada, 1984). In response to GnRH, the anterior pituitary gland’s gonadotropic
cells secrete luteinizing hormone (LH) and follicle-stimulating hormone (FSH). LH
stimulates Leydig cells in the interstitial part of the testes causing synthesis and secretion
of testosterone (Mikami and Yamada, 1984). At the onset of spermatogenesis,
testosterone concentration is elevated and estrogen declines (Simy et al., 1999). With the
help of FSH, the production of spermatozoa occurs and is regulated by sertoli cells,
which are located in the lining of the seminiferous tubule. In a sexually mature male, the
seminiferous epithelium contains cells such as spermatogonia, primary spermatocytes,
secondary spermatocytes, and spermatids which are collectively called germ cells (Lin
and Jones, 1990).
Spermatozoa are suspended in fluid which is secreted by the sertoli cells. This
fluid helps the spermatozoa’s movement across the seminiferous tubules because
testicular spermatozoa are immotile (Ashizawa and Sano, 1990). The spermatozoa are
7

then carried through the efferent, connecting, and epididymal ducts. These ducts are
collectively called the epididymis, and are located on the surface of the testis (Hodges,
1974). At this time, spermatozoa are ready for ejaculation.
Spermatozoa
Chicken spermatozoa are small and whip-like so that they are extremely
specialized for DNA transport. Each spermatozoa contains a slightly bent cylindrical
nucleus, a bullet shaped acrosome, an axoneme, and mitochondria (Thurston and Hess,
1987). The mitochondria are arranged in a helical form around the axoneme, which is a
flagellated organelle. The spermatozoa has little cytoplasm. The mitochondria regulate
energy for movement of the axoneme (Ashizawa et al., 1989), and the plasma membrane
binds to the perivitelline layer of the oocyte at fertilization (Koyanagi et al., 1988).
Ejaculation
Prior to ejaculation, there is a transfer of information from the sensory neurons to
the motor neurons, and then to the smooth muscle. During abdominal massage for
artificial semen collection, arterial blood is moved to the paracloacal vascular bodies,
causing sexual excitement, followed by the contraction of smooth muscles inside the
receptaculum walls (storage for semen). These contractions move semen through the
papilla of the vas deferens (King and Millar, 1982), and ultimately lead to expulsion of
spermatozoa from the cloaca. The cloaca is the exit for contents of the reproductive,
digestive, and urinary tracts, and it consist of three parts: coprodeum, urodeum, and
proctodeum (King, 1981). The ejaculated semen contains a transparent lymph-like fluid
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(Fujihara, 1992), and approximately 3 - 5 billion sperm/ml can be produced per
ejaculation (McDaniel et al., 1998).
Semen Characteristics
Semen and sperm quality are analyzed to determine the fertilizing ability of the
rooster (Bilgili and Renden, 1985; Parker and McDaniel, 2004). Chicken semen and
sperm characteristics such as semen volume, sperm motility, sperm viability, and sperm
concentration are commonly used in rooster fertility assessments (McDaniel et al., 1998).
Semen Volume
Several studies have established the use of abdominal massage for semen
collection (Burrows and Quinn, 1937). Semen is collected by cloacal stroke which is
defined as the hand pressure around the cloacal region to express semen (Bakst and Cecil,
1983). Continuous cloacal stroking has the potential to reduce the amount of semen
volume collected. Semen volume can also be affected by the time in which birds are
photostimulated (Moyle et al., 2012). Temperature in which roosters are raised can also
have an effect on semen volume. According to El Jack and de Reviers (1979), a reduction
in semen volume could be observed when cockerels were raised at 32 C.
Sperm Viability
Sperm viability procedures are used to determine the amount of live sperm in a
semen sample that may be able to fertilize an egg. A number of procedures are used to
measure sperm viability including a nigrosin/eosin (N/E) staining process used
periodically to determine the percentage of dead sperm. The principle behind this
procedure is that live sperm have an intact, impermeable cell membrane and cannot be
9

stained by the eosin but the dead sperm has a damaged or permeable cell membrane that
allows for eosin staining. However, the nigrosin stain provides a blue background on the
microscope slide smear preparation in order to clearly distinguish the ivory white color of
the viable, unstained sperm from the pinkish color of the eosin stained dead sperm (Bakst
and Cecil, 1997).
Another procedure used to determine sperm viability is the flourometric
procedure. In the flourometric procedure, ethidium bromide (EtBr) gives off a nuclear
fluorescence when it crosses the damaged cell membrane of dead sperm and binds to
DNA. The initial fluorescence of the dead sperm is detected by a flourometer (first
reading). Afterward, digitonin is added to the same sample to rupture all cell membranes
of remaining viable sperm in the semen. After all the cells are ruptured, EtBr then binds
and stains the DNA of the remaining cells giving a second reading. The first reading is
divided by the second reading and multiplied by 100 to give the percentage of dead
sperm (Bilgili and Renden, 1984).
It is very important to know sperm viability prior to insemination, because the
percentage live sperm in a semen sample is directly proportional to the percentage of
eggs which are fertilized (Wilson et al., 1979). Sperm viability could be seen as one of
the driving forces in fertilization, because if the rooster produces a high concentration of
sperm yet has a large percentage of dead spermatozoa, then potentially fewer eggs will be
fertilized.
Sperm Concentration
Sperm concentration indicates the amount of sperm present per volume of semen
ejaculated. There are several methods to determine sperm concentration. For example,
10

one method involves the use of a hemocytometer. This procedure uses a microscopic
slide that is specifically made for counting cells. A counting grid on the slide is brought
into focus so that cells are counted. However, the major draw back for this method is that
it causes fatigue, and the long term strain on the eye due to this procedure is painful
(Bakst and Cecil, 1997).
Another procedure for determining sperm concentration uses the
spectrophotometer in which case absorbance of light is measured. According to Bakst
and Cecil (1997), the sum of absorbance is directly proportional to sperm concentration
in a given sample. The knowledge of sperm concentration is important in male fertility,
because if sperm concentration is adequate it increases the chance of fertilization (Bakst
and Cecil, 1997)
Sperm Quality Index
Sperm quality index (SQI) is a single number that estimates the overall semen
quality of roosters (McDaniel et al., 1998). Sperm quality index is analyzed by the use of
the Sperm Quality Analyzer® which monitors the disruption of light beams by motile
sperm. The SQI has been proven to be an effective method of predicting avian male
fertility (Parker and McDaniel, 2004; Johnston et al., 1995). Poultry semen is known to
be highly concentrated, therefore semen samples are diluted before SQI analyses to keep
the semen sample from agglutinating (McDaniel et al., 1998; Bakst and Cecil., 1997).
Previous studies suggest that dilution of neat semen to about 10 fold will result in the
most predictive SQI readings (McDaniel et al., 1998).
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Factors Affecting Rooster Semen Characteristics and Fertility
Heat Stress
Broiler breeder reproductive traits can be affected by several factors. Due to the
fact that domestic fowl are homoeothermic, they only have a short temperature range in
which they are comfortable. Kiers (1982) stated that high ambient temperature, such as in
the summer, causes a decrease in fertility. Also, McDaniel et al. (1995) indicated that
heat stress as low as 27 C will decrease fertility and decrease general male performance.
In addition, Karaca et al. (2002) reported 11% dead sperm in heat stress males as
compared to 8.8% observed in the non heat-stressed males. Several other trails have a
reported decline in semen quality and subsequent fertility for males with elevated body
temperature (Harrison and Biellier, 1969; McDaniel et al., 1996; McDaniel and Parker,
2004).
Light
Semen characteristics can also be affected by photo-stimulation. Photoperiod is a
practice used to regulate the sexual maturity of BB males. For example Floyd and Tyler
(2011) observed that at 20 wk of age, birds that were photo-stimulated for 8 hours a day
had a high sperm concentration; yet as the photoperiod increased, sperm concentration
decreased until it plateaued at 13 hours of light/day. Lightening is important for the
initiation of spermatozoa by stimulating hormones such as LH and FSH that lead to
spermatogenesis (Mikami and Yamada, 1984).

12

Genetic Selection
Genetic selection has helped to improve egg production and meat yield. The
advancement of genetic selection of BB to produce chicks that exhibit increased
production and better feed conversion is expected to continue for more years because of
market demands (Pollock, 1999). These market demands for more processed poultry
products constantly puts pressure on the primary BB producers to further focus on
continuous selection for higher white meat yield even at the expense of reproductive
traits (Siegel, 1963). This continuous selection for meat production characteristic is
beginning to put greater pressure on the rooster reproductive abilities (Pollock, 1999).
Reproductive trait such as the ability of the male to complete natural mating will be
strongly threatened if the selection for meat yield is continuously given precedence over
reproductive traits (Siegel and Dunnington, 1985). In order to alleviate the reproductive
pressure caused by genetic selection for meat instead of semen quality, management
practices such as feed restriction of BB and sex separate feeding is being practiced
(McDaniel, 1986). These practices have helped put the use of artificial insemination at
bay in BB management (van Wambeke, 1987). However, Lake (1983) revealed that a
well managed artificial insemination program gives a better fertility and hatchability than
in natural mating. Although, genetic selection may improve productive characteristics, if
roosters were genetically selected for semen characteristics, fertility will be improved
(Pollock, 1999).
Nutrition
Nutrition is one of the most important factors that affects poultry fertility because
it plays a key role in the physiological development of the reproductive system. It is
13

imperative to monitor nutrient requirements of the animal especially through the growth
stage (Waldroup et al., 1976). During the developmental stages (pre-puberty, puberty,
and post puberty) of the BB male reproductive system, nutrition becomes very important
because an excessive or reduced inclusion of nutrients in the diet will drastically affect
the semen quality of the roosters (Wilson et al., 1979). Feed restriction is a common
practice in the management of BB males in order to avoid any possibility of an over
weight male at sexual maturity, because over weight BB males can lead to low fertilizing
ability (McDaniel, 1983).
Effect of Protein on Broiler Breeders
An important aspect of BB nutrition that impacts fertility is protein consumption.
An experiment conducted by Novak et al. (2006), used dietary treatments varying in the
amount of protein and total sulfur amino acid (AA) lysine (Lys) ratio and reported that
egg production was reduced by 2% when they fed a lower protein diet. As protein
decreased from 16.3 to 13.8 g/hen, an increase in percentage of yolk from 27.0 to 27.4%
was observed, but a reduction in overall specific gravity of the egg from 1.0829 to 1.0817
was reported as protein decreased. Zhang et al. (1999) revealed that crude protein (CP)
levels during rearing are important in semen production in roosters. They reported a
decline in semen volume when BB was fed 16% CP as compared to 12% CP.
Hocking and Bernard (1997) reported decreased sperm concentration in caged BB
males that were fed 16% of CP as compared to 12% CP. However, Buckner and Savage
(1986) found no difference in semen volume and sperm number of roosters fed 5, 7, and
9% CP diets. Wilson et al. (1987) reported that a higher percentage of BB males
produced more sperm when fed 12 and 14% CP in comparison with males fed 16% CP.
14

They also suggested that feeding 12 and 14% CP on a restricted basis to caged BB males
will not adversely affect sexual maturation, duration of semen production, semen quality,
or body weight. Novak et al. (2006) reported that the reduction of dietary protein in the
diet of BB females leads to a significant decrease in fecal nitrogen and as dietary protein
increases, fecal nitrogen increases.
Amino Acid
Due to the concern for nitrogen pollution, the high cost of feed, and the fact that
chickens can only use low of dietary protein, it could be suggested that the level of
protein in the diet should be reduced. In order to do this effectively, synthetic AA have to
be included in the diet as a supplement for the protein requirement (Lopez and Leeson,
1995). AA are the building blocks (monomers) of protein. There are 3 most limiting
essential AA for chicken: methionine (Met), Lys, and threonine (Thr), therefore these AA
need to be included in the diet. A disproportionate inclusion of these limiting AA will
lead to lesser use of other AA and more demand for nitrogen-based substances (Straková
et al., 2002). Therefore, it is imperative that AA are adequately added in the diet to meet
the animal’s physiological demands (Tuitoek et al., 1997).
Novak et al. (2006) reported that deficiencies in Met will lead to inhibition of
glycine (Gly) absorption and improper use of other nutrients. They also reported that egg
production could be maintained if CP intake is reduced from 18.9 to 17.0 g/hen/day with
supplemental Met, Lys, Thr, and Trp. Also modern genetic selection of poultry
production requires a high dietary AA inclusion in the diet for optimum performance and
higher breast meat yield (Pollock, 1999).
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Effect of Lysine on Broilers
Adequate inclusion of the three most limiting AA in chickens, Met, Lys, and Thr
is important in chicken production to obtain optimum growth and yield of marketable
meat (Corzo et al., 2006; Dozier et al., 2009). Dozier et al. (2010) indicated that Lys had
an effect on body weight, feed conversion, breast meat weight, and breast meat yield.
They reported that the Lys requirements for male broilers are 0.86, 0.88, 0.90, and 0.90%
for body weight gain, feed conversion, breast meat weight, and breast meat yield,
respectively. Between the ages of 49 to 63 day, they recorded a digestible Lys (dLys)
intake of 3.0 g for male BB and a Lys requirement of 0.81% for broiler females based on
growth performance. Using the monomolecular model, Grisoni (1991) reported that
9.10, 10.07, and 14.3 g/kg inclusion of Lys is adequate for gain, feed conversion ratio,
and abdominal fat, respectively for broiler production.
When Lys is fed at a dietary level higher than required for maximum growth, it
begins to display specific effects on body composition. Bernard (1998) reported that the
pectoralis major muscle seemed to be most sensitive to Lys intake when compared to
valine and Thr. Corzo et al. (2006) reported an increase in pectoralis major weight,
pectoralis minor tenderness, and total breast meat weight with an increase in Lys
supplementation.
Pahm et al. (2009) recorded an increase in total weight gain in roosters
with an increase in supplemental Lys intake. Bernard (1998) revealed that increasing Lys
intake above the level needed for maximum live weight gain leads to increased breast
meat and decreased abdominal fat. Also, Dozier et al. (2010) noted that feeding Lys at
1.18% lowered abdominal fat but increased body weight gain in male broilers. Carew et
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al. (2003) observed increased fat deposition in the liver with Met deficiency but such an
effect was not found in Lys deficiency. Novak et al. (2006) reported that deficiency of
Lys will lead to growth suppression and an increased demand for oxygen by the liver.
Also, Lys has varying effects on blood hormone levels (Carew et al., 1997) in chickens
during their growth stage. However, May (1978) reported that feeding chicks 50% of the
required Lys level for 2 days did not affect thyroid hormone levels.
Lysine and Reproduction
Lys does not only influence broiler performance, it also impacts BB reproduction.
For example, research has been conducted on the effect of Lys on egg composition. Mejia
et al. (2012a) reported that a lower level of dLys at 600 mg/hen/day in a semi-purified
diet improved BB hen reproductive performance such as egg production, fertility, and
hatchability of set eggs as compared to results from birds fed higher levels of dLys at
1,010 mg/hen/day.
The inclusion of Lys in an ingredient can help to improve the ingredient’s
effectiveness. For example, Mahmood et al. (2011) reported that the use of cottonseed
meal in the diet will have adverse effect on BB male reproduction; yet adding Lys
supplementation into the ration will partially alleviate the negative effect of cottonseed
meal on semen volume, sperm count, and comb area. However, Mejia et al. (2012b)
reported that fertility parameters were not affected when dLys was fed at varying levels
of 1,000, 800 and 600 mg/hen/day in a distillers dried grains with solubles (DDGS) based
diet. DDGS based diet was used because the Lys level in the DDGS feed stuff is low
enough to allow formulation of dLys as low 600 mg (Mejia et al., 2012b). However,
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higher level of Lys present in some ingredients such as a typical corn-soybean meal based
diet makes it difficult to formulate low level of dLys in the diet.
Distillers Dried Grains with Solubles
The ethanol industry is primarily known to produce fuel for automobiles.
However, after grain (corn) is processed for ethanol, the byproduct is referred to as
DDGS. In the process of fermentation (break down of starch), starch from the grain is
converted to ethanol and carbon dioxide leaving the remaining byproduct as DDGS. In
Europe, the increased production of biofuels has been encouraged by the use of
renewable energy sources. Biofuel/bioethanol production has led to a large amount of
byproduct DDGS from the corn industry (Świątkiewicz and Koreleski, 2008).
DDGS is mainly derived from removing ethyl alcohol by distillation from either
yeast fermentation of a single grain or from a mixture of grains by heat drying
(Świątkiewicz and Koreleski, 2008). The main grain used for ethanol production is corn,
but in other parts of the world, like Europe, sometimes rye, sorghum, barley, wheat or a
combination of these grains are used, because soil and weather conditions might not be
conducive for the growth of corn. DDGS are not only a by-product of the ethanol
industry; they can also be produced from the beverage industry (Lumpkins and Batal,
2005a). Świątkiewicz and Koreleski (2008) also pointed out that for many years most of
the DDGS derived from the beverage industry has been used mainly in livestock
production.
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Variability in Nutritive Value of DDGS
According to Batal and Dale (2006), in processing grain, 1/3 of the grain is
DDGS, 1/3 evaporates as carbon dioxide, and the remaining 1/3 is converted to ethanol.
During the drying process, DDGS are subjected to approximately 315 C (~600 F;
Lumpkins and Batal, 2005b) causing variation in nutrient composition and availability
(Askbrant and Thomke, 1986). Therefore, the variability in the nutrient composition and
low protein quality, due to heat processing of DDGS, could reduce its utilization,
especially in poultry industry diets (Fastinger et al., 2006). However, DDGS from either
corn or other cereals (such as barley and wheat) has become a useful feed ingredient in
poultry production (Thacker and Widyaratne, 2007).
Depending on how much heat was used during its processing, color variation
occurs in DDGS. The variation in color of this feed ingredient could be used to determine
differences in nutrient availability. According to Batal and Dale (2006), a difference was
observed in the true AA digestibility using different color samples of DDGS. The DDGS
with a lighter color (yellow) had a higher total and digestible AA level, mostly Lys, than
the intermediate sample which had a lesser AA content. On the other hand, the darker
samples had a much reduced amount of digestible AA. Therefore, it was concluded that
the possible reason for the low AA content in the darker colored DDGS was due to
overheating during the maillard reaction between the carbohydrate and the AA which
destroys a high amount of Lys in the ingredient.
Also the plant species used in the production of DDGS affects the nutritional
value of DDGS. In an experiment by Feoli et al. (2007), in which they used swine as a
model, two different sources of DDGS (corn and sorghum) were included. They observed
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that pigs fed sorghum-based DDGS had a greater dressing percentage then the pigs fed
corn-based DDGS. It appears that the amount of heat, the plant of origin, and the
different production industry (ethanol or beverage) affect the nutritive value of the
minerals and AA found in DDGS. Because there is so much variation in the production of
DDGS, which affects the nutritive value (Jensen et al., 1974), the use of DDGS as a feed
ingredient is limited, which is the down side to this very useful ingredient (Loar II et al.,
2009).
Nutritive Value of DDGS
DDGS varies in the available metabolizable energy and CP that can be obtained
from the ingredient. Batal and Dale (2006) reported that the average true metabolizable
energy (TMEn) of DDGS is 2,880 kcal/kg with a safety margin of 100 kcal/kg. Fastinger
et al. (2006) observed an average gross energy concentration of 4,908 kcal/kg dry matter.
However, average gross energy content in DDGS was 5,430 kcal/kg as observed by
Pedersen et al. (2007). Different research has reported various nutritive contents of
DDGS. For example Feoli et al. (2007) determined the CP content of a corn-based DDGS
diet was 8.7% with a digestible energy of 1,507 kcal/lb, and in a sorghum-based DDGS
diet CP was 29.8% with a digestible energy of 1,323 kcal/lb. Świątkiewicz and Koreleski
(2008) reported a 30.2% CP, 10.9% crude fat, 8.8% crude fiber, 5.8% ash, 45.5%
nitrogen free extractives in DDGS, and Batal and Dale (2003) reported the mineral
composition of DDGS as: 0.09 to 0.44% sodium, 0.99% potassium, 0.73 to 0.74%
phosphorus, 0.02 to 0.71% calcium, 0.21 to 0.33% magnesium, 0.58 to 1.10% sulfur.
They also reported iron at 67 to 325 ppm, aluminum at 13 to 112 ppm, copper at 3 to 18
ppm, and zinc at 44 to 88 ppm.
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Feeding DDGS to Poultry
The use of DDGS in BB male diets is sparse, yet a large amount of research has
been done with broilers, laying hens, and turkey diets (Roberson et al., 2005; Roberson,
2003; Lumpkins et al., 2004). According to Waldroup et al. (1981), about 25% of DDGS
could be included in broiler feed without any adverse effect on the birds when
supplementing corn and soybean meal based diets with Met. Świątkiewicz and Koreleski
(2008) also stated that about 5-8% of DDGS can be included in starter diets for broilers
and turkey poults. Approximately 12 to 15% of DDGS level can be included in the
grower and finisher diets for broilers, turkeys and laying hens (Świątkiewicz and
Koreleski, 2008). In fact, Shim et al. (2011) concluded that broilers fed a higher level of
DDGS exhibited a higher BW gain than broilers fed no DDGS during the starter period.
Wang et al. (2007) showed that the inclusion of 25% DDGS in the diet for broiler chicks
did not present any adverse effect on the bird’s growth, but these birds had a lower feed
conversion and smaller breast weight in relation to live weight as compared with the diet
with no DDGS. They concluded that the inclusion of 15 to 20% DDGS in the diet will
have little or no negative effect on the birds. Not only is DDGS fed to chicks, it is also
used in hen production. For example, Matterson et al. (1966) reported that DDGS could
be included in the diet for laying hens up to about 20%. Harms et al. (1969) also reported
that about 5 to 20% DDGS could be included in the diet without adversely affecting the
laying hen. Loar II et al. (2010) reported that layers fed a diet with a 16% inclusion of
DDGS had a greater egg production and better egg shell quality (shell strength and
specific gravity) than 0, 8, and 24% inclusion of DDGS in the diet. They also reported
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that during their consumer acceptability testing, the eggs from the diets with a DDGS
inclusion at 16 and 32% were more desired by a taste panel.
In conclusion, it is known that AA, especially Lys, improve broiler growth, egg
production and breast meat yield. Distillers dried grains with soluble has been reported to
improve meat yield and save cost in the poultry industry. Proper nutrition is essential for
the growth of cockerels and for sperm production. Although research has shown that the
inclusion of AA and DDGS in BB and laying hen diets are beneficial, it is unknown
whether dietary inclusion of Lys and DDGS would also benefit BB males. Therefore, this
thesis research was conducted to evaluate the effects of varying levels of dLys in a
DDGS diet on semen quality and body weight
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CHAPTER III
EVALUATION OF FEEDING DIFFERENT DIGESTIBLE LYSINE INTAKE LEVELS
ON SEMEN CHARACTERISTICS OF BROILER BREEDRES DURING POST
PEAK PRODUCTION

Abstract
A significant amount of research has been conducted evaluating the impact of
dietary lysine (Lys) on broiler performance. However, little research exists revealing the
impact of Lys on fertility of broiler breeders (BB). Therefore, a preliminary study was
conducted to evaluate the impact of dietary Lys on BB male semen characteristics. Thirty
Cobb 500 males were randomly selected at 41 wk of age and placed into individual
cages. The trial consisted of 5 dietary treatments. Treatment 1 diet was a typical cornsoybean meal diet formulated to have a digestible Lys (dLys) intake of 1,000
mg/rooster/day (Soy1000), which served as a control diet. Treatments 2, 3, 4, and 5 had
the inclusion of distillers dried grains with solubles (DDGS) in order to titrate dLys
intake levels of 1,000 (DDGS1000), 850 (DDGS850), 700 (DDGS700), and 550
(DDGS550) mg/rooster/day, respectively. Each treatment consisted of six replicate
roosters. Data were analyzed using a randomized complete block design where area of
the house was the blocking factor. Semen samples were collected once every 2 wk on 45,
47, and 49 wk of age post treatment. Semen samples from each treatment were analyzed
for semen volume, sperm viability, sperm concentration, and the sperm quality index
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(SQI). Roosters fed the highest levels of dLys, 1,000 mg/rooster/day in the DDGS based
diet (treatment 2), produced a lower percentage of dead sperm at 45 and 47 weeks of age
as compared to roosters fed the lowest level of dLys, DDGS550. However, no differences
were found among treatments for sperm concentration, semen volume, SQI, ejaculate
concentration, live sperm concentration, and live sperm ejaculated. In conclusion, lower
levels of dLys in the BB male diet during post peak production may slightly elevate the
percentage of dead sperm in BB males.
Introduction
The primary purpose of the rooster is for the fertilization of eggs. Therefore good
male management, to ensure proper sperm production and quality, is very important for
chick production. In fact, over a rooster’s lifespan, approximately 1,510 chicks are
produced from a single rooster (Wilson et al., 1979). Because good semen quality is
imperative for good fertility, it is extremely important that roosters be managed and fed
with the correct amount of appropriate nutrients such as protein, energy, etc.
Several factors have been shown to affect fertility in BB males such as age and
nutrition. Avian fertility has been known to decline with age (Thurston, 1994) especially
after peak egg production, making it more difficult to manage males for semen
production. More recently, Tabatabaei et al. (2010) reported a reduction in the number of
spermatozoa ejaculated, decreased, motility, and decreased viability as the rooster ages.
During spermatogenesis, sperm production is greatly influenced by nutrients,
especially crude protein (CP), in the BB diet (Zhang et al., 1999). Therefore, an adequate
diet and feeding program are important in BB sperm production. However, in order to
avert the possibility of obesity in BB, which has been proven to decrease rooster fertility
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and mating ability, feed restriction is practiced (Brown and McCartney, 1986). Feed
restriction is designed to reduce the amount of feed the bird receives (Pym and Dillon,
1974) without adversely affecting the maintenance of body composition as well as
reproductive performance of the chicken. Therefore, because feed restriction is necessary
for rearing BB, their diets must include adequate amounts of feed ingredients to ensure
that the rooster is getting all the nutrients needed to meet the energy needs. An inevitable
part of BB nutrition that affects reproductive characteristics is the amount of protein
present in the diet. As mentioned earlier, Zhang et al. (1999) reported that the inclusion of
adequate CP during the rearing of roosters helped improve semen production. However,
Buckner and Savage (1986) reported no differences were observed in semen volume
when roosters were fed either 5, 7, or 9% CP. Furthermore, inclusion of CP at 16% has
been reported by Hocking and Bernard (1997) to decrease semen concentration in caged
males as compared to males fed a 12% CP diet. According to Bowmaker and Gous
(1991) the amino acid (AA) composition of the diet is critical for BB performance. Lopez
and Leeson (1994) reported that as long as AA requirements of the BB are met, protein
inclusion could be reduced.
Amino acids are the building blocks of protein and have been shown in the past to
help improve muscle yield and egg production in chickens (Corzo et al., 2006). However,
when excess AA are included in the diet of BB, it could lead to increased muscle
deposition which is not desirable in BB, especially in the males, because it leads to
reduced reproductive performance (McDaniel, 1983). Lysine (Lys), an essential and the
second most limiting AA in poultry production, is of great importance in BB feed
because of its effects on growth and reproduction such as egg production (Harms and
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Ivey, 1992). Several studies have shown that throughout the life of the chicken, Lys is
could be used to optimize growth, improve feed conversion, and maintain general body
function (Lopez and Leeson, 1994; Dozier III et al., 2008; Dozier III et al., 2010). Using
BB hens Mejia et al. (2012a) reported that the inclusion of digestible lysine (dLys) at 600
mg/hen/day in a semi-purified diet improved egg production and fertility as compared to
hens fed 1,010 mg/hen/day. Mejia et al. (2012b) also reported that egg production and
fertility were similar when dLys was fed at 1,000, 800 or 600 mg/hen/day in a DDGS
based diet. However, research is lacking on the effect of Lys on rooster semen quality,
especially during the post peak period. Therefore, this study focuses on evaluating the
effects on semen quality when roosters are fed varying levels of dLys during post peak
production.
Materials and Method
Bird Husbandry
Thirty Cobb 500 BB males (6 males/treatment) were obtained from a local poultry
integrator. At 41 wk of age, males were individually caged (cage size: 60 * 50 * 40 cm)
to facilitate semen collection. Males were fed as recommended by the primary BB
company. Therefore, each male was fed 136 g/rooster/day. The study was conducted
during the post peak period of sexual maturity, 41 to 49 wk of age, in an environmentally
controlled house, using artificial lighting of 16L:8D.
Dietary Treatments
The first 2 wk of the trial, all birds were fed a pre trial diet (corn-soybean meal
based diet as was used in Treatment 1; Table 3.1). For the remaining 7 weeks of this
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study, males were placed on 1 of 5 different dietary treatments. Treatment 1 diet was a
corn-soybean meal based diet with 1,000 mg dLys/roosters/day (CP 15.2%, AME 2,860
kcal/kg, Ca 3.0, and dLys 0.74; Table 3.1). Treatment 2 was prepared using the same
level of dLys inclusion as treatment 1 but had the inclusion of 25% distillers dried grains
with solubles (DDGS) (CP 14.5% and dLys 0.77). DDGS as opposed to soybean meal,
was used in this trial so that Lys levels could be reduced to 550 mg dLys/rooster/day.
Roosters fed treatment 3, 4, and 5 diets were fed to calculated daily intake levels of 850,
700, and 550 mg dLys/rooster/day respectively, and an inert filler (sand) was used to
replace the L-Lys removed (Table 3.1). All other essential nutrients were formulated to
meet NRC (1994) nutrient recommendations, and all diets were formulated to be
isocaloric. Daily feed intake was restricted to 136 g/rooster for each individual male to
ensure that each male received the amount of feed according to the primary BB company
recommendations to regulate body weight (Cobb, 2008). The average weight of the
roosters prior to treatment was 4.63 kg.
Semen Characteristics Analysis
Prior to dietary treatment, semen samples were collected twice by abdominal
massage at 43.7 and 44 wk of age (Burrows and Quinn, 1937). Once dietary treatments
began, semen samples were collected at 45, 47, and 49 wk of age from individual males.
One semen collector was used throughout the experiment. Semen samples were also
immediately analyzed for semen characteristics such as semen volume, sperm
concentration, percentage of dead sperm, and the sperm quality index (SQI). Semen
volume was determined using a graduated vial (Christensen, 1995). Sperm concentration
was determined using a Micro-Reader 1 (IMV International, Maple Grove, MN; King
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and Donoghue, 2000). For each individual sample collected, 2 readings were used to
determine sperm concentration.
To evaluate the percentage of dead spermatozoa for each individual semen
sample, a fluorometric method was used (Bilgili and Renden, 1984). Overall semen
quality was determined by the Sperm Quality Analyzer® (SQA; Medical electronic
systems, LTD, Migelal Haemek, Israel). The SQA generates the SQI which is a
measurement of overall semen quality. For the SQI neat semen samples were diluted 10fold as recommended by McDaniel et al. (1998) and confirmed by Parker and McDaniel
(2004). Two readings were obtained for both the percentage of dead sperm and the SQI.
Statistical Analysis
Data in this experiment were analyzed as a randomized complete block design
with a split plot over bird age. Individual birds served as experimental units and area of
the house was the blocking factor. All data were analyzed by the Proc GLM option of
SAS (2010) with a P<0.05 significance level. Treatment means were separated using
Fisher’s protected LSD.
Results and Discussion
It has been established that factors such as genetic selection, light, heat stress, and
nutrition can affect BB male fertility (Ingkasuwan and Ogasawara, 1966; McDaniel et al.,
1995; Pollock, 1999). Nutrition is a very important factor in BB male management
because the diet can affect sperm production and mating ability (Wilson et al., 1979). In
fact, a loss in feed intake in males can drastically affect sperm production or even
completely halt sperm production (Wilson et al., 1979). Yet excessive feed intake will
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make a rooster become over weight, leading to problems such as leg abnormalities,
decreased libido, and incomplete mating (Wilson et al., 1979). However, the practice of
feed restriction which only allows for a measured amount of feed to be fed to the BB has
helped reduce the possibility of obesity in BB roosters (Brown and McCartney, 1986).
When using feed restriction, adequate addition of nutrients becomes extremely
necessary because the roosters are not allowed to get all the feed they want as they are
only fed a small amount of feed each day. Therefore, feed ingredients such as protein and
AA need to be added in the correct amount in order for the birds to get adequate nutrients
for growth and reproductive development. Previous studies have proven that excess
protein will decrease semen characteristics such as semen volume, sperm concentration,
and the percentage of dead sperm (Hocking and Bernard, 1997; Zhang et al., 1999).
In order to obtain lower levels of dLys, Mejia et al. (2012b) fed BB hens DDGS
in place of soy-bean meal. In that study, Mejia et al. (2012b) reported that egg production
and hen fertility were not affected when hen were fed diets containing 25% DDGS. In
fact, in the present study, semen volume (Figure 3.1), sperm concentration (Figure 3.2),
SQI (Figure 3.3) percentage dead sperm (Figure 3.4), ejaculate concentration (Figure
3.5), live sperm concentration (Figure 3.6), and live sperm ejaculated (Figures 3.7) from
roosters fed the corn-soybean meal based diet with 1,000 mg dLys/rooster/day was
similar to that of roosters fed DDGS based diet with the same level of dLys. Apparently,
feeding 25% DDGS in a BB male diet did not affect semen quality.
Additionally, semen volume in the present study was not affected by feeding
1,000 to 550 mg dLys/ rooster/day. In this study, semen volume over treatments was
approximately 550 µl (Figure 3.1). However, Mejia et al. (2012a) reported that feeding
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dLys at 600 mg/hen/day in a semi-purified diet improved BB hen reproductive
performance as opposed to feeding dLys at 1,010 mg. This improvement observed by
Mejia et al. (2012a) in BB hen reproductive performance with lower level dLys could be
because of the semi-purified diet used, because similar results were not observed when
the BB hens were fed the same level of dLys but in an industrial-type diet. In the current
study, it appears that these levels of dLys did not have an adverse effect on semen
volume, but possibly maintained semen volume as the male aged.
Sperm concentration in the present study was also similar for each treatment when
varying level of dLys was fed to BB males. In this trial, sperm concentration averaged
approximately 4.3 billion sperm/mL (Figure 3.2) and should be adequate for normal BB
fertility as reported by Parker et al. (2004). However, Hocking and Bernard (1997)
reported a decline in sperm concentration when 16% CP was fed in place of 12% CP. In
the current study, it appears that the DDGS based diets containing 14.5% CP with dLys
varying from 1,000 to 550 mg was not detrimental to sperm concentration.
The SQI has been shown by McDaniel et al. (1998) to be an effective overall
indicator of BB sperm viability, motility, and concentration. In this study, it appears that
dLys ranging from 1,000 to 550 mg does not affect overall semen quality. The average
SQI was 405 (Figure 3.3). Parker et al. (2004) reported that if the SQI is >350 then eggs
are successfully fertilized 94% of the time.
Mejia et al. (2012a) reported improved reproductive performance in egg
production and fertility when 600 mg dLys/hen/day was fed to BB hen as compared to
1,010 mg in a semi-purified diet but not with in an industry-type diet. Also Mejia et al.
(2012b) reported that hens fed a DDGS based diet with dLys levels of 1,000, 800, and
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600 mg/hen/day showed similar reproductive performance. In the current study, the
percentage of dead sperm was similar when corn-soybean meal and DDGS based diets
with the same level of dLys (1,000 mg/rooster/day) were fed to BB males. However,
males fed the DDGS based diet with 550 mg dLys had a numerically higher percentage
of dead sperm when compared to males fed the DDGS based diet with 1,000 mg dLys
diet (Figure 3.4). Also, a treatment by week interaction revealed that the DDGS850
treatment had a higher percentage of dead sperm than all other treatments at only 45
weeks of age (Figure 3.5). However, starting from 47 wk of age, DDGS550 had a higher
percentage dead sperm (Figure 3.5). One of the many functions of AA is to form proteins
that compose spermatozoa (Lavon et al., 1971). Therefore, there is a possibility that the
low amount of Lys in the DDGS and the inclusion of only 550 mg/male/day of dLys
caused a malfunction of the lipoproteins in the cell membrane of the spermatozoa. Also,
it is possible that this low dLys level in the diet led to an alteration in meiotic division
causing a higher percentage of ruptured sperm cell membranes.
In conclusion, this preliminary study shows that feeding dLys from 550 mg up to
1,000 mg/rooster/day will not negatively affect semen characteristic such as semen
volume, sperm concentration, and the SQI of BB males during post peak production.
However, it appears that the lower level of dLys in a DDGS based diet may elevate the
percentage of dead sperm. To further evaluate the possible interaction of Lys and DDGS
on BB male semen characteristics, more research needs to be conducted during pre-peak
and peak production.
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Table 3.1

Composition of Treatment Diets (%, as-is basis) During Post Peak
Production

Ingredients
Corn
Distillers dried grains w/solubles
Poultry oil
Soybean meal - 48% CP
Calcium carbonate
Dicalcium phosphate
Salt, plain (NaCI)
Sodium bicarbonate
DL-Methionine
L-Threonine
L-Tryptophan
L-Isoleucine
L-Valine
L-Arginine
Vitamin/mineral
Mineral premix
L-Lysine

Corn-soybean
meal diet1
68.91
0.13
21.70
6.63
1.85
0.33
0.11
0.17
0.06
0.08
0.02

Calculated composition
Dig- Lysine
Crude protein
Calcium
AME (kcal/kg)

0.74
15.22
3.0
2,860

1

Distillers dried grains
with solubles diet2
57.33
25
0.05
7.92
6.97
1.44
0.08
0.11
0.19
0.08
0.04
0.11
0.02
0.10
0.06
0.08
0.423
0.77
14.50
3.0
2,860

Corn-sybean meal with 1,000 mg of digestible lysine (control diet), and also the pre-trial
diet.
2
Diet for 1,000 mg of digestible lysine (diet 2).
3
Diet 2 had inclusion of L-Lys. at 0.42% (0.953 Kg) without sand; diet 3 had inclusion of
L-Lys. at 0.28% (0.635 Kg) with 0.14% (0.318kg) sand; diet 4 had inclusion of L-Lys. at
0.14% (0.318 Kg) with 0.28% (0.635 Kg) sand; diet 5 without L-Lys and 0.42% (0.953
Kg) sand.
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Figure 3.1

Mean Semen Volume During Post Peak Production

Each bar represents the average semen volume for each dietary treatment (n=6
roosters/treatment). Dietary treatment were Soy1000 = Corn-soybean meal based diet
with 1000 mg inclusion of digestible lysine (control diet). Other diets included 25%
distiller dried grains with solubles (DDGS) with an inclusion of 850, 700, and 550 mg
digestible lysine. Semen was collected once every two week from 45, 47, and 49 weeks
of age (P = 0.5885).
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Figure 3.2

Mean Sperm Concentration During Post Peak Production

Each bar represents the average sperm concentration for each dietary treatment (n=6
roosters/treatment). Dietary treatment were Soy1000 = Corn-soybean meal based diet
with 1000 mg inclusion of digestible lysine (control diet). Other diets included 25%
distiller dried grains with solubles (DDGS) with an inclusion of 850, 700, and 550 mg
digestible lysine. Semen was collected once every two week from 45, 47, and 49 weeks
of age (P = 0.4012).
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Figure 3.3

Mean Sperm Quality Index During Post Peak Production

Each bar represents the average sperm quality index for each dietary treatment (n=6
roosters/treatment). Dietary treatment were Soy1000 = Corn-soybean meal based diet
with 1000 mg inclusion of digestible lysine (control diet). Other diets included 25%
distiller dried grains with solubles (DDGS) with an inclusion of 850, 700, and 550 mg
digestible lysine. Semen was collected once every two week from 45, 47, and 49 weeks
of age (P = 0.2971).
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Figure 3.4

Mean Percentage of Dead Sperm During Post Peak Production

Each bar represents the average percentage of dead sperm for each dietary treatment (n=6
roosters/treatment). Dietary treatment were Soy1000 = Corn-soybean meal based diet
with 1000 mg inclusion of digestible lysine (control diet). Other diets included 25%
distiller dried grains with solubles (DDGS) with an inclusion of 850, 700, and 550 mg
digestible lysine. Semen was collected once every two week from 45, 47, and 49 weeks
of age (P = 0.5566).
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Figure 3.5

Percentage of Dead Sperm Treatment by Week Interaction During Post
Peak Production

Each bar represents the average percentage dead sperm for each dietary treatment (n=6
roosters/treatment). Dietary treatment were Soy1000 = Corn-soybean meal based diet
with 1000 mg inclusion of digestible lysine (control diet). Other diets included 25%
distiller dried grains with solubles (DDGS) with an inclusion of 850, 700, and 550 mg
digestible lysine. Semen was collected pre-dietary treatment on 43.7 and 44 weeks of age,
then once every two week from 45, 47, and 49 weeks of age (P = 0.0812).
a-g
Means not sharing a common superscript differ (P< 0.05).
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Figure 3.6

Mean Sperm Ejaculated During Post Peak Production

Each bar represents the average sperm ejaculated for each dietary treatment (n=6
roosters/treatment). Dietary treatment were Soy1000 = Corn-soybean meal based diet
with 1000 mg inclusion of digestible lysine (control diet). Other diets included 25%
distiller dried grains with solubles (DDGS) with an inclusion of 850, 700, and 550 mg
digestible lysine. Semen was collected once every two week from 45, 47, and 49 weeks
of age (P = 0.2333).
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Figure 3.7

Mean Live Sperm Concentration During Post Peak Production

Each bar represents the average live sperm concentration for each dietary treatment (n=6
roosters/treatment). Dietary treatment were Soy1000 = Corn-soybean meal based diet
with 1000 mg inclusion of digestible lysine (control diet). Other diets included distiller
dried grains with solubles (DDGS) with an inclusion of 850, 700, and 550 mg digestible
lysine. Semen was collected once every two week from 45, 47, and 49 weeks of age (P =
0.4185).
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Figure 3.8

Mean Live Sperm Ejaculated During Post Peak Production

Each bar represents the average live sperm ejaculated for each dietary treatment (n=6
roosters/treatment). Dietary treatment were Soy1000 = Corn-soybean meal based diet
with 1000 mg inclusion of digestible lysine (control diet). Other diets included 25%
distiller dried grains with solubles (DDGS) with an inclusion of 850, 700, and 550 mg
digestible lysine. Semen was collected once every two week from 45, 47, and 49 weeks
of age (P = 0.3204).
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CHAPTER IV
EVALUATION OF FEEDING DIFFERENT DIGESTIBLE LYSINE INTAKE LEVELS
ON SEMEN CHARCTERISTICS AND BODY WEIGHT OF BROILER BREEDRES
DURING PRE-PEAK AND PEAK PRODUCTION

Abstract
Because research revealing the impact of lysine (Lys) on reproduction in broiler
breeders (BB) is sparse, this study was conducted to evaluate the impact of digestible Lys
(dLys) on BB semen characteristics and changes in body weight (BW). Eighty Cobb MX
males were randomly selected and placed into individual cages from 20 to 39 wk of age.
Treatment 1 and 2 diets had the same level of dLys (1,000 mg/rooster/day) in a cornsoybean meal based diet (Soy1000) and distillers dried grains with solubles (DDGS;
DDGS1000) diet, respectively. Treatment 3, 4, and 5 diets had the inclusion of DDGS in
order to titrate dLys intake levels of 850 (DDGS850), 700 (DDGS700), and 550
(DDGS550) mg/rooster/day, respectively. Each treatment consisted of 16 replicate
roosters, and data were analyzed using a randomized complete block design where area
of the house was the blocking factor. Body weight as well as semen samples were
collected and analyzed immediately after collection for each rooster once every 2 wk (26,
28, 30, 32, 34, 36, and 38 wk of age). Semen samples from each individual BB male was
analyzed for semen volume, sperm viability, sperm concentration, and the sperm quality
index (SQI). BW of roosters fed the Soy1,000 diet was higher than the other treatments
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beginning at 26 wk of age and continued to increase until the end of the experiment. This
excess weight could be due to an over estimation of the energy content of DDGS
resulting in diets that were not isocaloric. There were no differences in semen
characteristics such as semen volume, sperm concentration, and the SQI. However,
beginning at 28 wk and continuing throughout the trial, the percentage of dead sperm was
highest in roosters fed Soy1000. The roosters fed Soy1000 also had a higher
concentration of plasma testosterone than all other roosters, but there was no differences
observed in the levels of plasma estradiol. In conclusion, a daily intake of 1,000 mg dLys
in a corn-soybean meal based diet yielded excessive BW gain and a greater percentage of
dead sperm, greater breast weight and higher Plasma testosterone concentration.
Additionally, the lower intake of dLys 550 mg, when provided in a DDGS based diet did
not appear to be detrimental to sperm quality.
Introduction
Nutrition is important in the pre-puberty, puberty, and sexual maturity stage of
broiler breeder (BB) male production. Therefore, malnutrition or over eating could lead
to excess weight loss or gain in any of these three stages. As a result, poor dietary
management can drastically impact a rooster’s fertility (Leeson and Summers, 2000).
Poultry integrators practice feed restriction in BB to avoid excess weight gain (Pym and
Dillon, 1974). Feed restriction is the reduction in the amount of feed a bird is allowed to
eat at a given time, therefore their diet must have an adequate amount of nutrient. For
example, rooster diets should meet the requirement for the 3 essential and most limiting
amino acids (AA) which are methionine (Met), lysine (Lys), and threonine (Thr) in order
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that the rooster may receive enough protein which is essential for sperm production
(Brown and McCartney, 1986).
Several trails have shown that throughout the life of the chicken, Lys is essential
(Kidd et al., 2004; Dozier III et al., 2010). The effect of Lys inclusion in the broiler diet
has been studied and shown to improve production such as growth rate, immune
response, and breast meat yield (Corzo et al., 2006; Pahm et al., 2009; Dozier III et al.,
2010). However in BB, excess dietary AA may lead to increased muscle deposition (de
Beer, 2011) resulting in obesity and poor mating ability. Also, high levels of Lys present
in some ingredients such as a typical corn-soybean meal based diet may cause difficulty
when formulating diets for lower levels of digestible Lys (dLys). On the other hand, a
diet that has the inclusion of distiller dried grains with solubles (DDGS) may allow for
diet formulation with lower levels of dLys. For example, Mejia et al. (2012b) used
varying levels of dLys at 1,000, 800 and 600 mg/hen/day in a DDGS based diet and
reported that fertility parameters of BB hens were not affected.
When, using Cobb 500 BB males during post peak production, between 41 to 49
wk of age, Obi et al. (2012) reported that semen volume, sperm concentration, and the
sperm quality index (SQI) were similar when roosters were fed dLys varying from 1,000
to 550 mg/rooster/day in a DDGS based diet. Roosters fed 550 mg/rooster/day dLys in
the DDGS based diet showed a higher percentage of dead sperm when compared to the
other diets fed from the 47 wk of age (Obi et al. 2012). It was suggested that semen
characteristics should be examined during pre-peak and peak production of BB male to
see if this dietary effect also exists earlier in sperm production. Therefore, this study was
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conducted during the pre-peak and peak period of BB reproduction to evaluate the effect
of dLys on BB male semen quality and body weight (BW).
Materials and Method
Bird Husbandry and Dietary Treatment
For this trial, 80 Cobb MX BB males (20 wks of age) were obtained from a local
poultry integrator. The restricted feeding program used reflected the program
recommended by the primary BB company (136 g / rooster/day). All birds were
individually weighed at 2 wk intervals throughout the trial beginning at 20 wk of age.
Feed was weighed and added on a daily basis to individual feed troughs to ensure that
feed restriction was strictly followed. The experiment lasted for 19 wks (20 to 39 wk of
age).
Males were individually caged (cage size: 60* 50*40 cm) to facilitate semen
collection and placed on 5 different dietary treatments immediately after being caged (16
rooster/dietary treatment). Treatment 1 was a typical corn-soybean meal based diet with
1,000 mg dLys/rooster/day [crude protein (CP) 15.2%, AME 2,860 kcal/kg, Ca 3.0, and
dLys 0.74; Table 4.1]. Treatment 2 was prepared using the same level of dLys as
treatment 1 but with the inclusion of 25% DDGS (CP 14.5% and dLys 0.77). Treatments
3, 4, and 5 were prepared using the same amount of DDGS as in treatment 2 but with
inclusions of 850, 700, and 550 mg of dLys/rooster/day (Obi et al., 2012; Table 4.1).
Semen Characteristic Analysis
When birds were 26 wk of age, semen samples were collected from individual
males by abdominal massage (Burrows and Quinn, 1937) using a single semen collector
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(Cecil and Bakst, 1985). Semen samples were immediately analyzed for semen
characteristics such as semen volume, sperm concentration, percentage of dead sperm,
and the SQI. Semen volume was measured using a graduated vial (Christensen, 1995),
and sperm concentration was evaluated using a Micro-Reader 1 (IMV International,
Maple Grove, MN; King and Donoghue, 2000). For each male, 2 readings were used to
determine sperm concentration.
The fluorometric method of Bilgili and Renden (1984) was used to evaluate the
percentage of dead of spermatozoa in the semen sample. The SQI was evaluated using a
Sperm Quality Analyzer® after each neat semen sample had been diluted 10-fold
(McDaniel et al., 1998).
Blood Analysis
At the end of the experiment (39 wk of age), blood samples were collected from
the wing vein of each male into a lithium heparin tube and were centrifuged immediately
to separate blood components (Straková et al., 2002). The plasma was collected into
eppendorf tubes and frozen at -20 C. The blood samples were later thawed and analyzed
using chicken testosterone and estradiol ELISA kits (Cusabio Biotech®). After blood
collection, all birds were euthanized by cervical dislocation. Testes, liver, and the breast
muscle of each male was collected and weighed.
Statistical Analysis
Data in this experiment were evaluated using a randomized complete block design
with a split plot over bird age. Individually caged birds were the experimental unit and
area of the house was the blocking factor. All data were analyzed by the Proc GLM
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option of SAS (2010). Treatment means were separated using Fisher’s protected LSD at
P< 0.05.
Results and Discussion
In managing BB, several factors have been shown to affect reproductive
performance and semen quality, including nutrition (Wilson et al., 1979). Nutrition is
very important during the puberty, peak and post-peak stages of BB males (Leeson and
Summers, 2000). An excessive or reduced feed intake at these stages will affect semen
quality (Wilson et al., 1979). For example, Hocking and Bernard (1997) reported
decreased sperm concentration in caged BB males that were fed 16% CP as compared to
12% (CP). Buckner and Savage (1986) reported that no differences were observed in
semen volume with 9% CP inclusion in the diet when compared with 7% CP.
Amino acids (AA) are the building blocks of protein and can be effectively added
into the diet to supplement for protein requirements (Lopez and Leeson, 1995). In broiler
production AA, especially Lys, have been reported to affect BW (Dozier III et al., 2009),
optimum growth and yield of marketable meat products (Corzo et al., 2006). In BB hens,
Novak et al. (2006) reported that egg production could be maintained if CP intake is
reduced from 18.9 to 17.0 g/hen/day with supplemental Met, Lys, Thr, and tryptophan
(Trp). Mejia et al. (2012a) reported that the inclusion of dLys at 600 mg/hen/day in a
semi-purified diet improved egg production and semen quality as compared to hens fed
1,010 mg dLys/hen/day. Furthermore, Mejia et al. (2012b) reported that egg production
and fertility were not affected when BB hens were fed dLys intake levels of 1,000, 800 or
600 mg/hen/day in a DDGS based diet. Although, not a lot of research has been
conducted on the effect of dietary Lys or DDGS on the fertility in BB males, Obi et al.
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(2012) reported that semen volume, sperm concentration and the SQI was not affect when
roosters were fed dLys intakes ranging from 1,000 to 550 mg/rooster/day in a DDGS
based diet.
In the current study, roosters that were fed a corn-soybean meal based diet with
1,000 mg dLys had a higher BW in comparison to the roosters fed the DDGS based diet
with the same level of dLys (1,000 mg/rooster/day; Figure 4.1). Roosters fed the
DDGS1000 BW leveled off at the 32 wk of age and then started a minimal decline untill
the end of the experiment. However, at 38 wk of age (Figure 4.1), this dietary treatment
yielded BW which was close to the primary breeder recommended BW for Cobb MX
males. In addition, roosters fed the corn-soybean meal based diet with 1,000 mg of dLys
had a greater BW than the other roosters during every week of the study beginning at 26
wk of age. Attia et al. (1995) reported an increase in BW of caged males with an increase
in energy intake. Also, caged males are not as active as when they are housed with hens
and continuously mating hen, therefore burning energy. In this current study, increase in
the BW was possibly a result of an overestimation of metabolizable energy in the DDGS
that was used in formulating the diet which yielded diets that were not isocaloric. The
effect of BW was also evident for the percentage of breast weight (Figure 4.3) as there
was greater breast meat weight for the roosters fed the corn-soybean meal based diet
(1,000 mg dLys/rooster/day) when compared to males from the other dietary treatments.
Roosters fed DDGS 1,000 mg dLys/rooster/day exhibited a higher percentage of
liver weight relative to BW (Figure 4.4) in comparison to the percentage liver weight of
the roosters fed Soy1000. However, the percentage liver weight relative to BW across
treatments (Figure 4.4) was similar for roosters fed in Soy1000 and DDGS based diets
57

with 850, 700, and 550 mg dLys/rooster/day as opposed to those fed DDGS1000.
Although, the percentage of liver weight was greater for the DDGS1000 dietary
treatment, the liver appeared normal in color and texture. Carew et al. (2005) reported
that in growing chicks true liver weight significantly declined in Lys deficient chicks as
compared to chicks fed adequate Lys intake. However, when the liver weight was
expressed as a percentage of BW, the differences in true liver weight disappeared. They
suggested that the difference was not due to Lys deficiency but due to smaller body size
in the Lys deficient chicks. As mentioned earlier in the current study, the males fed
DDGS1000 BW leveled off and started to decline beginning at 32 wk of age until the end
of the trail. Because of this decline in BW, yet possibly not in liver weight, the
percentage of liver weight in relation to the BW was greater for the males fed the
DDGS1000 diet.
Percentage of testes weight (Figure 4.5) was similar for roosters fed a cornsoybean meal based diet with 1,000 mg dLys and those fed DDGS based diets with
varying levels of dLys. Zhang et al. (1999) reported that testes weight was greater in
roosters fed 16% CP than those fed 12% at 12 wk of age. However, Wilson et al. (1987)
observed no differences in testes weight for roosters fed 12% or 16% CP at 53 wk of age.
It appears that dLys or CP would not affect testes weight after sexual maturity because at
this stage the testes are completely formed in BB males. Wilson et al. (1988) reported a
positive correlation between testes weight and spermatozoa number in BB males. This
relationship is consistent with the present study because both testes weight and sperm
concentration was not affected by dietary treatment.
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During sexual maturity, testosterone concentration increases while estradiol
concentration steadily declines in BB males (Weil et al., 1999). Sharpe et al. (1988)
reported that testosterone is necessary for spermatogenesis. However, testosterone
concentration has been shown to decline after 30 wk of age in caged BB males (Sexton et
al., 1989b). In the present study, plasma testosterone concentration for the roosters fed
the Soy1000 diet were higher when compared to roosters fed the other dietary treatments
(Figure 4.6). The roosters fed Soy1000 mg dLys, which had the highest BW, also had the
highest plasma testosterone concentration. Sexton et al. (1989a) reported an increase in
testosterone concentration with an increase in BW of caged males. It could therefore be
inferred that the elevated plasma testosterone concentration is a result of increased BW.
Plasma estradiol concentrations (Figure 4.7) were similar for roosters fed a corn-soybean
meal based diet with 1,000 mg dLys and those fed DDGS based diets with dLys levels
ranging from 1,000 to 550 mg/rooster/day. As BB males begin to pass peak production,
the need for estradiol becomes minimal. Weil et al. (1999) reported that as fertility in BB
males eventually declines with age, estradiol concentration remains constant while the
testosterone concentration declines.
Semen characteristics such as semen volume (Figure 4.8), sperm concentration
(Figure 4.9) and the SQI (Figure 4.10) of roosters fed the corn-soybean meal based diet
with 1,000 mg dLys/rooster/day were similar to the roosters fed the corn-DDGS based
diet with the same level of dLys. Also, the inclusion of dLys varying from 1,000 to 550
mg/rooster/day in a DDGS based diet was similar for semen volume, sperm concentration
and the SQI. These results are consistent with a previous trial by Obi et al. (2012) where
semen volume, sperm concentration, and the SQI were similar when roosters between 41
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to 49 wk of age were fed the same amounts of dLys in a DDGS based diet. In addition,
Wilson et al. (1988) reported a positive correlation between testes weight and
spermatozoa number in BB males and this report is consistent with the present study
because both testes weight and sperm concentration was not affected by dietary
treatment.
In this present study, roosters the fed Soy1000 diet had the greatest percentage of
dead sperm (Figure 4.11) with the percentage of dead sperm becoming more apparent
from 32 to 38 wk of age (Figure 4.12). In contrast, Obi et al., (2012) reported a higher
percentage of dead sperm in roosters fed 550 mg dLys/rooster/day as opposed to those
fed a soy-bean meal based diet with 1,000 mg dLys or 1,000, 850, and 700 mg dLys in a
DDGS based diet. Pervious studies have shown that excess fleshing in roosters is
detrimental to mating behaviors, libido (Wilson et al., 1979; Leeson and Summers, 2000),
and fertility (Hocking and Duff, 1989). Similarly, in turkeys, Alkan et al. (2002) reported
a positive correlation between BW and abnormal spermatozoa, whereas a negative
correlation of BW with sperm concentration and motility was found. The negative effect
of high BW on fertility in caged males has also been demonstrated (McDaniel et al.,
1981; Yu et al., 1992; Goerzen et al., 1996). In the present study, it appears that the
roosters with the highest BW also had the greatest percentage of dead sperm (Figure
4.12). Therefore, the increase in the percentage of dead sperm observed in the roosters
fed Soy1000 could most logically be explained by the influence of the increased BW. In
addition, Hocking and Bernard (2000) suggested that BW control is an important factor
in maintaining high fertility in BB flocks.
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In conclusion, varying levels of dLys (1,000-550 mg/rooster/day) will not cause
adverse effects on BB male semen quality during the pre-peak and peak production.
However, excess BW gain could increase the percentage of dead sperm and should be
considered during BB male management for fertilization or reproduction.
Table 4.1

Composition of Treatment Diet (%, as-is basis) During Pre-peak and Peak
Production
Corn-soybean
meal diet1
68.91
0.13
21.70
6.63
1.85
0.33
0.11
0.17
0.06
0.08
0.02

Ingredients
Corn
Distillers dried grains w/solubles
Poultry oil
Soybean meal - 48% CP
Calcium carbonate
Dicalcium phosphate
Salt, plain (NaCI)
Sodium bicarbonate
DL-Methionine
L-Threonine
L-Tryptophan
L-Isoleucine
L-Valine
L-Arginine
Vitamin/mineral
Mineral premix
L-Lysine

1

Calculated composition
Dig- Lysine
Crude protein
Calcium
AME (kcal/kg)

0.74
15.22
3.0
2,860

DDGS diet2
57.33
25
0.05
7.92
6.97
1.44
0.08
0.11
0.19
0.08
0.04
0.11
0.02
0.10
0.06
0.08
0.423
0.77
14.50
3.0
2,860

Diet for 1,000 mg of digestible lysine (control diet)
Distiller dried grain with soluble with 1,000 mg of digestible lysine (diet 2).
3
Diet 2 had inclusion of L-Lys. at 0.42% without sand; diet 3 had inclusion of L-Lys. at
0.28% and 0.14% sand; diet 4 had inclusion of L-Lys. at 0.14% and 0.28% sand; diet 5
without L-Lys and 0.42% sand.
2
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Figure 4.1

Mean Body Weight During Pre-peak and Peak Production

Each bar represents the average body weight for each dietary treatment (n=16
roosters/treatment). Dietary treatments were Soy1000 = Corn-soybean meal (DDGS) with
1000 mg inclusion of digestible lysine (control diet). Other diets included 25% distiller
dried grains with solubles based diet with an inclusion of 850, 700, and 550 mg digestible
lysine (P < 0.0001).
a-c
Means not sharing a common superscript differ (P < 0.05).
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Figure 4.2

Body Weight Treatment by Week Interaction During Pre-peak and Peak
Production

Individual males (26-38 wk of age n=16 roosters per treatment). Dietary treatments were
Soy1000 = Corn-soybean meal based diet with 1000 mg inclusion of digestible lysine
(control diet). Other diets included 25% distiller dried grains with solubles (DDGS) with
an inclusion of 850, 700, and 550 mg digestible lysine (P < 0.0001).
a-e
Means not sharing a common superscript differ at the same age (P<.0.05).
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Figure 4.3

Mean Breast Weight During Pre-peak and Peak Production

Each bar represents the average breast weight relative to body weight for each dietary
treatment (n=16 roosters/treatment). Dietary treatments were Soy1000 = Corn-soybean
meal based diet with 1000 mg inclusion of digestible lysine (control diet). Other diets
included 25% distiller dried grains with solubles (DDGS) with an inclusion of 850, 700,
and 550 mg digestible lysine (P < 0.0389).
a-c
Means not sharing a common superscript differ (P < 0.05).
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Figure 4.4

Mean Percentage Liver Weight During Pre-peak and Peak Production

Each bar represents the average percentage liver weight relative to body weight for each
dietary treatment (n=16 roosters/treatment). Dietary treatments were Soy1000 = Cornsoybean meal based diet with 1000 mg inclusion of digestible lysine (control diet). Other
diets included 25% distiller dried grains with solubles (DDGS) with an inclusion of 850,
700, and 550 mg digestible lysine (P < 0.0398).
a-b
Means not sharing a common superscript differ (P<.0.05).
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Figure 4.5

Mean Testes Weight During Pre-peak and Peak Production

Each bar represents the average testes weight relative to body weight for each dietary
treatment (n=16 roosters/treatment). Dietary treatments were Soy1000 = Corn-soybean
meal based diet with 1000 mg inclusion of digestible lysine (control diet). Other diets
included 25% distiller dried grains with solubles (DDGS) with an inclusion of 850, 700,
and 550 mg digestible lysine (P = 0.2576).
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Figure 4.6

Plasma Testosterone Concentration During Pre-peak and Peak Production

Each bar represents the average testosterone for each dietary treatment (n=16
roosters/treatment). Dietary treatments were Soy1000 = Corn-soybean meal based diet
with 1000 mg inclusion of digestible lysine (control diet). Other diets included 25%
distiller dried grains with solubles (DDGS) with an inclusion of 850, 700, and 550 mg
digestible lysine (P < 0.0049).
a-b
Means not sharing a common superscript differ (P < 0.05).
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Figure 4.7

Plasma Estradiol Concentration During Pre-peak and Peak Production

Each bar represents the average plasma estradiol for each dietary treatment (n=16
roosters/treatment). Dietary treatments were Soy1000 = Corn-soybean meal based diet
with 1000 mg inclusion of digestible lysine (control diet). Other diets included 25%
distiller dried grains with solubles (DDGS) with an inclusion of 850, 700, and 550 mg
digestible lysine (P = 0.6788).
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Figure 4.8

Mean Semen Volume During Pre-peak and Peak Production

Each bar represents the average semen volume for each dietary treatment (n=16
roosters/treatment). Dietary treatments were Soy1000 = Corn-soybean meal based diet
with 1000 mg inclusion of digestible lysine (control diet). Other diets included 25%
distiller dried grains with solubles (DDGS) with an inclusion of 850, 700, and 550 mg
digestible lysine. Semen was collected once every week from 26, 28, 30, 32, 34, 36, and
38 weeks of age (P = 0.8690).
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Figure 4.9

Mean Sperm Concentration During Pre-peak and Peak Production

Each bar represents the average sperm concentration for each dietary treatment (n=16
roosters/treatment). Dietary treatments were Soy1000 = Corn-soybean meal based diet
with 1000 mg inclusion of digestible lysine (control diet). Other diets included 25%
distiller dried grains with solubles (DDGS) with an inclusion of 850, 700, and 550 mg
digestible lysine. Semen was collected once every week from 26, 28, 30, 32, 34, 36, and
38 weeks of age (P = 0.7748).
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Figure 4.10

Mean Sperm Quality Index (SQI) During Pre-peak and Peak Production

Each bar represents the average sperm quality index for each dietary treatment (n=16
roosters/treatment). Dietary treatments were Soy1000 = Corn-soybean meal based diet
with 1000 mg inclusion of digestible lysine (control diet). Other diets included distiller
dried grains with solubles (DDGS) with an inclusion of 850, 700, and 550 mg digestible
lysine. Semen was collected once every week from 26, 28, 30, 32, 34, 36, and 38 weeks
of age (P = 0.3895).
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Figure 4.11

Mean Percentage of Dead Sperm During Pre-peak and Peak Production

Each bar represents the average percentage of dead sperm for each dietary treatment
(n=16 roosters/treatment). Dietary treatments were Soy1000 = Corn-soybean meal based
diet with 1000 mg inclusion of digestible lysine (control diet). Other diets included 25%
distiller dried grains with solubles (DDGS) with an inclusion of 850, 700, and 550 mg
digestible lysine. Semen was collected once every two week from 26, 28, 30, 32, 34, 36,
and 38 weeks of age (P = 0.0822).
a-b
Means not sharing a common superscript differ (P < 0.05).
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Figure 4.12

Percentage of Dead Sperm Treatment by Week Interaction During Pre-peak
and Peak Production

Individual males (26-38 wk of age n=16 roosters per treatment). Dietary treatments were
Soy1000 = Corn-soybean meal based diet with 1000 mg inclusion of digestible lysine
(control diet). Other diets included 25% distiller dried grains with solubles (DDGS) with
an inclusion of 850, 700, and 550 mg digestible lysine. Semen was collected once every
two week from 26, 28, 30, 32, 34, 36, and 38 week of age (P = 0.0614).
a-d
Means not sharing a common superscript differ at the same age (P < 0.05).
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CHAPTER V
CONCLUSION

Nutrition is very important in the development and maintenance of the broiler
breeder male’s reproductive system. The second limiting amino acid (Lys) for chickens
has been proven to improve growth and yield of marketable meat of poultry.
Furthermore, Lys has also been shown to improve egg weight, yolk percentage, and
albumen percentage. However, the effects of digestible Lys on broiler breeder semen
characteristics are sparsely known.
In a preliminary study, varying amounts of digestible Lys (dLys) were included in
the diets of broiler breeder roosters (Cobb 500) during post- peak production (41 to 49
weeks of age). This study revealed that the inclusion of varying levels of dLys in the diet
did not affect semen quality such as semen volume, sperm concentration, and the sperm
quality index (SQI) of broiler breeders between the ages of 41 and 49 weeks. However,
roosters fed the lowest level of dLys in a distiller dried grains with soluble (DDGS) based
diet had a higher percentage of dead sperm possibly because the Lys level in the diet was
too low to maintain adequate sperm cell membrane proteins. Therefore, it was suggested
that a broader experiment should be conducted possibly at the peak period of
reproductive performance.
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In the second study, semen characteristics were analyzed using the same
procedure as in the preliminary study but with broiler breeder males during pre-peak and
peak production from 20 to 39 wk of age. Inclusion of different levels of dLys in a DDGS
based diet presented no significant or adverse effect on semen volume, sperm
concentration and the SQI of the Cobb MX males used in this experiment. Also, DDGS
at 25% inclusion in the diet did not show adverse affects on semen volume, sperm
concentration, the SQI, testes weight and plasma estradiol concentration.
However, the corn-soy meal diet with 1,000 mg dLys/rooster/day showed a
higher body weight, breast weight, and percentage of dead sperm in comparison to the
DDGS diet with the same level of dLys/rooster/day. In addition, corn-soybean meal with
1,000 mg inclusion of dLys had a higher level of plasma testosterone concentration but
similar plasma estradiol as the DDGS1000 diet. The increased body weight was
suggested to be as a result of an overestimation of the metabolizable energy in the DDGS
resulting in diets that were not isocaloric.
In conclusion, varying levels of dLys would not adversely affect semen volume,
sperm concentration, and the SQI. However, high BW and too low level of dLys in a
DDGS based diet BB male might lead to an increase in percentage dead sperm. It is
strongly suggested that when using DDGS based diet for feeding BB males, the
metabolizable energy and low Lys level should be monitored to avoid disparity in body
weight gain and possibly abnormal semen production.
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